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,QWURGXFWLRQ
6HSDUDWLRQ RI ROHILQV WKURXJK PHPEUDQHV KDV DWWUDFWHG PXFK DWWHQWLRQ GXH WR WKH HQHUJ\
LQWHQVLYHQHVVRIWKHFRQYHQWLRQDOGLVWLOODWLRQSURFHVV,WKDVEHHQNQRZQWKDWWKHVLOYHULRQ$J
EDVHG IDFLOLWDWHG WUDQVSRUWPHFKDQLVP LQ WKH OLTXLGPHPEUDQHVRU LRQH[FKDQJHGPHPEUDQHV
IRU ROHILQ VHSDUDWLRQ LV FRQWUROOHG E\ WKH GLIIXVLRQ RI WKH ROHILQ$J FRPSOH[ WKURXJK WKH
PHPEUDQHV0DLQO\ WKUHH W\SHVRI IDFLOLWDWHG$JPHPEUDQHVKDYHEHHQUHSRUWHGVXSSRUWHG
OLTXLGPHPEUDQHV LRQ H[FKDQJHPHPEUDQHV DQG VDOWSRO\PHU EOHQGPHPEUDQHV %RWK WKH
VXSSRUWHG OLTXLG PHPEUDQHV DQG LRQH[FKDQJH PHPEUDQHV UHTXLUH WKDW WKH IHHG JDV EH
VDWXUDWHGZLWKVROYHQWWRPDLQWDLQWKHVHOHFWLYLWLHVRIWKHPHPEUDQHVDQGVLOYHUSRO\PHUEOHQG
PHPEUDQHV FDQ EH XVHG WR VHSDUDWH ROHILQV DQG SDUDIILQV ZLWKRXW ZDWHU KRZHYHU WKHLU
DSSOLFDWLRQVDUH OLPLWHGE\ WKH ORZ WKHUPDOVWDELOLW\DQG ORZSHUPHDELOLW\7KHGLVDGYDQWDJHRI
WKHVHDSSURDFKHV LV WKDW WKH IDFLOLWDWHG WUDQVSRUW LQ WKHPHPEUDQHVZLOO EHJUHDWO\GHFUHDVHG
ZLWKWKHORVVRIZDWHUIURPWKHPHPEUDQHV7KHUHIRUHIXUWKHUUHVHDUFKLVQHHGHGWRILQGQRYHO
ROHILQVHSDUDWLRQPHPEUDQHVZLWKRXWDGGLWLRQRIZDWHULQWRWKHIHHG
,Q WKLVVWXG\RUJDQLFLQRUJDQLFK\EULGIDFLOLWDWHGROHILQVHSDUDWLRQPHPEUDQHVZHUHSUHSDUHG
E\VROJHOPHWKRGXVLQJVLOLFRQDONR[LGHVDQGSRO\VRGLXPDFU\ODWH3$1DRQSRURXVDOXPLQD
WXEXODUVXSSRUWVIROORZHGE\$JH[FKDQJHWUHDWPHQW

0HWKRGV
2UJDQLFLQRUJDQLF K\EULG OD\HU RI WKH PHPEUDQH ZDV SUHSDUHG XVLQJ VROJHO PHWKRG 7KH
FRPSRVLWLRQ RI WKH VRO ZDV WHWUDHWKR[\VLODQH 7(26 +2 +12    PRODU UDWLR
3$1DWKHDPRXQWRIZKLFKLVHTXDOWRZWRI7(26ZDVDGGHGWR+2DQGWKHPL[WXUHZDV
VWLUUHGVHYHUDOKRXUVWKHQ+12ZDVDGGHG$IWHUWKHPL[WXUHZDVVWLUUHGIRUVHYHUDOKRXUVDW
URRP WHPSHUDWXUH7(26ZDVDGGHGDQG WKHPL[WXUHZDVVWLUUHGDW URRP WHPSHUDWXUHXQWLOD
KRPRJHQHRXVVROZDVREWDLQHG$OOWKHFKHPLFDOVXVHGZHUHDWFRPPHUFLDOJUDGHV$SRURXV
DOXPLQDWXEXODUVXSSRUWZLWKPHDQSRUHGLDPHWHURIȝPLQQHUDQGRXWHUGLDPHWHUVRIPP
DQGPPZDVXVHGDVVXEVWUDWH7KHWXEXODUVXSSRUWZLWKRQHHQGFORVHGZDVGLSSHGDQG
ZLWKGUDZQDWDVSHHGRIPPVWKHQGULHGDWURRPWHPSHUDWXUHIRURQHKRXU7KHGLSFRDWLQJ
SURFHVVZDVUHSHDWHG WZR WLPHV7KHFRDWHG WXEHZDVKHDWHG WR.DWD UDWHRI.PLQ
DQGPDLQWDLQHGDWWKDWWHPSHUDWXUHIRUKRXUVWKHQFRROHGWRURRPWHPSHUDWXUH7KLVFRDWLQJ
DQGKHDWLQJSURFHGXUHVZHUHUHSHDWHGWKUHHWLPHVWKHQRQHHQGVRIWKHPHPEUDQHZDVVHDOHG
XVLQJHSR[\UHVLQDQGWKHRWKHUHQGZDVFRQQHFWHGWRDJODVVWXEHZKLFKZDVSUHSDUHGIRULRQ
H[FKDQJHWUHDWPHQWDQGJDVSHUPHDWLRQPHDVXUHPHQW$JH[FKDQJHWUHDWPHQWZDVSHUIRUPHG
XVLQJPRO/$J%)VROXWLRQ$IWHULRQH[FKDQJHWUHDWPHQWSHUPHDWLRQRI+H1&+DQG
&+WKURXJKWKHPHPEUDQHVZHUHPHDVXUHGDWDQG.7KH&+VHOHFWLYLW\ZDV
DOVRPHDVXUHGXVLQJDJDVPL[WXUHRI&+&+

5HVXOWVDQGGLVFXVVLRQ
)LJVKRZVSHUPHDQFHRI&+DQG&+WKURXJKWKHPHPEUDQHDWDQG.7KH
SHUPHDQFH RI &+ ZDV  ;  PROP3DV DW  . DQG  ;  PROP3DV DW
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 . 7KH SHUPHDQFH LQFUHDVHG ZLWK LQFUHDVH RI WHPSHUDWXUH 7KLV WKRXJKW WR EH GXH WR
SURPRWLRQRIGHFRPSOH[DWLRQRI&+IURP$JVLWHVLQWKHPHPEUDQH5DWLRRIWKHSHUPHDQFH
&+&+WKURXJKWKHPHPEUDQHDWDQG.ZHUHVKRZQLQ)LJ7KHVHYDOXHV
ZHUHPRUHWKDQWKHRUHWLFDO.QXGVHQYDOXHRI&+&+ 7KHYDOXHVDWWHPSHUDWXUHV
RI DQG. VKRZHG WKDW WKH RUJDQLFLQRUJDQLFPHPEUDQHV GLG QRW ORVH WKHLU IDFLOLWDWHG
HIIHFW 7KLV XQLTXH SURSHUW\ LV WKH FRQWULEXWLRQ RI QDWXUH RI 3$1D DQG VWUXFWXUH RI RUJDQLF
LQRUJDQLF K\EULG 3$1D LV NQRZQ DV ZDWHU DGVRUEHQW 7KXV LW LV GLIILFXOW WR UHOHDVH ZDWHU DW
PRGHUDWH WHPSHUDWXUH2QHFDQVSHFXODWH WKDW WKLVSKHQRPHQRQZDVDFFHOHUDWHGE\RUJDQLF
LQRUJDQLFK\EULGEHFDXVHRIGHSUHVVLRQRIPROHFXODUYLEUDWLRQRI3$1DE\VLOLFDQHWZRUNLQWKH
K\EULGV
7KHSUHSDUHGPHPEUDQHDOVRLQGLFDWHVKLJK&+VHOHFWLYLW\XVLQJDJDVPL[WXUHRI&+
&+
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&RQFOXVLRQ
2UJDQLFLQRUJDQLF K\EULG IDFLOLWDWHG ROHILQ VHSDUDWLRQ PHPEUDQHV ZHUH SUHSDUHG YLD VROJHO
PHWKRG DQG $J H[FKDQJH WUHDWPHQW 7KH UDWLR RI WKH SHUPHDQFH &+&+ WKURXJK WKH
PHPEUDQHDWWDLQHGPRUHWKDQDQGVKRZHGDGHSHQGHQFHRQWHPSHUDWXUH ,QFUHDVH LQ WKH
PHDVXUHPHQW WHPSHUDWXUH SURPRWHG WKH GHFRPSOH[DWLRQ RI &+ IURP VLWHV 7KH VWDEOH
SHUIRUPDQFH RI WKHPHPEUDQH DW KLJK WHPSHUDWXUH ZDV GXH WR ZDWHU DGVRUSWLRQ SURSHUW\ RI
3$1DDQGWKHGHSUHVVLRQRIPROHFXODUYLEUDWLRQE\VLOLFDQHWZRUN
.H\ZRUGV2UJDQLFLQRUJDQLFK\EULG2OHILQVHSDUDWLRQ6LOYHULRQV6ROJHOPHWKRG
)LJ   3HUPHDQFH RI &+ DQG &+
WKURXJKWKHPHPEUDQHVDWDQG
 .
)LJ   5DWLRQ RI SHUPHDQFH
&+&+ WKURXJK WKH PHPEUDQHV
DWDQG.
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